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U. S. BOARD ON GEOGRAP HIC NAMES TRANSLITERATION SYSTEM
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RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS
Ru s~ ian English

sin sin
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t g  t an

c t g  C O t

Sec sec

cosec CSC
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sch sech
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arc cosec csc

arc sh sinh~~—lc c s n
—larc th tanh
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CL OU D CONDENSATION NUCLEI.

A. G. Lakt ionov.

Institute of applied geophysics.

Page 48.

In the process of their development of cloud passes a ser ies of

stages. During the first stage of the development of all cloud

spec ies (includin ; of fog ) as a result of the condensation of rater

vapors on the most active condensation nuclei occ urs the formatio n of

the cloud spectrum with the determined concentration of drops.

The leterm ination of concentr at ion and spectrum of cloud

condensation nuclei was conducted b y us b y the flow photoelect ric

mete r of cloud nuc lei (5).

sear the ground of investigat ion wer e conduct ed near Moscow in

region g. Obninsk du ring September 1965, in re gion g. Zven igor od

during April 1969 and in au mu er near Kiev in region of Bot ispole

during July - Au gust 1966 and 1967. In al l, cases of measu remen t are

4

:~~ _ _
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carried out with following supersaturatio n 0.1; 0.16; 0.25 ; 0.4;

0.63; 1; 1.60/0.

The n unerous measur ements in different season and in different

regions showed that majori ty of the obtained integrated spectrums of

nucleus co ncentration of supersaturation in the range of

supersaturation from 0.1 to 1.60/0 it is not possible to describe by

the simple power dependency, proposed by Twomey ..
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1000

0.1 0.2 0.3 0.4 0,6 1.0 2,0 3%

Pig. 1. Spectra of the iit.~~ al couceat r atio ns of condensa tion nuclei

of supersaturation. I — near th e g round, 2 — at height 200 m, 3 — at

he ight 4000 u.

Page 49.

P igu r e 1 gives an example of the cha r act eristic integral d istr ibut ion

— — — -. - 
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of nucleu s concentration of supersaturati on , obtained near the ground

of atmosphere.

In integrated spectrum it is possible to isolate thre e

characteristic sections , divided by the regions of curve knee. The

initial region of the spectrum of nuclei in the region of low

supersa t uration can be approximated by exponential funct io n with the

exponent , which varies from 0.7 to 2.0. The initial region of the

spectrum of nuclei is arranged in the region of supersaturation to

0.2—0 .6o/o. The second region of the spectrum can be approximated by

rowe r dependenc y with exponent K < 0.7. This course of a change in

nucleus concentration from supersaturation is observed in the range

of supersaturation from 0.2—0.6 to 1—1.6o/o.

In the half of the obtained near the ground of air spectr a of

condensation nuclei is exhibited the thir d section wit h sore rap ii~

than in the second section , b y an increase in nuc leus conce ntra tion,

that occurs with an increase in the supersaturation. This sect ion

begins from the values of supersaturation 1.Oo/c. Given in Pig. 2

calculated on the basis of the measured integrated spectrum

differential  spectru m has clearly expressed maxi.u m , which lies at

the region of supersaturation 0 .2—0 .50/ 0 , and second maximum ,

arrang e/located in the region of supersat uration more than 1.60/0.

_ _ _  _ _  - L,.~— - -
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The i n t eg ra l  d i s t r i b u t i o n  f u n c t i o n  of nuclei according to

supersa tura t ion  in the region of the first maximu m can be

approx ima ted  i ncomple t e  v—f u nc t ion  wit h t h e  pa rame te r  n , w h ich varies

f r o m 1 to 10.

By the methol , described above, produced the study of cloud

condensation nuclei  in f ree—ai r  condi t ions  fro. aircraft.

Concentration measurements of nuclei are carried out in the same

range  of supe r sa tu ra t ion  (0. 1— 1.60/0) dur ing  June — Jul y 1966 , dur ing

July — Aug ust 1967 and during July — Augus t  1968. The spectra of

condensation nuclei  were measured at levels 200 , 1000, 2000 , 3 000 and

5000 m abo ve t h e  s u r f a c e  of the  Ea rth.

fr I
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Pig.. 2. Differential spectra of condensation nuclei on

supersatur ation. I — at height 200 a, 2 — at he ight  4 000 m.

Page 50..

1~~~

All  32 sou nd ings  of a tmosphere conducted., Most of all sounding s it is

carried out in center section ETS [ ETC  — European Ter r itor y of the

Un ion ) in the region of Kiev — Kursk , part of the sounding s of

at mosphere is made in the region of righi , Nuruans k, Arkha ngelsk.

The analysis of the obtained mater ials showed that in summer

t. _____ _____ ______ — - — 
~
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abov e the cen t r a l  regions of ETS in layer  2 0 0 — 1 0 0 0  m of co ncen t ra t ion

and  the  spectra of nuc l e i  v i r t u a l l y  do not change  on h e i g h t  and

co inc id ing  wi th c o n c e n t r a t i o n s  and  spectra of nuclei near  the  ground

(Pig.  1) . In l ayer  f r o m  4000 to  5000 n the  in tegr ated s p e c t r u m s  of

cloud condensation nuc le i  can be b roken  i n to  t w o  sections. the

or ig inal  reg ion of the spect rum to 0.6— 1..Oo,o is approx ima ted  by

power dependency  w i t h  the  exponent , wh ich var ies  f rom 1 to 2. On t he

second section a f t e r  t h e  region of c u r v e  knee spectrum a lso  can be

approx imated  by power dependency w i t h  exponent  less t h a n  1.

The d i f f e r e n t i a l  spec t rum of condensat ion nuclei  (F ig .  2) ,
arrange/ located  in layer  14 000— 5000 m , has one m a x i m u m ,

arra ng e/ located in the region  of s u p e r s a t u r a t i o n  0.6—1.00/ 0 .  The

co mpar ison of the spectra at  he igh ts  2 0 0 — 1 0 0 0  and 4 000—5000  a it

shows that  w i t h  an increase in a l t i t u d e  fas te r  (30 —1 00 t i m e s )

decrea ses the con :en t ra t ion  of the  mos t activ e condensat ion nuclei ,

which are exhibited wit h supersaturaticn from 0.1 to 0. 3—0.6o/o.

Concentra t ion least act ive  f r o m  the  measured  nucle i  (S ~ 1.60/0)

decreases 10— 20 t i m e s  d u r i n g  tr ans i~ ion f r o m  height  f r o m  100 to 4000

.. Most s lowly  (in all 2—3 t imes)  occurs decrease wi th  he igh t  in

layer  100—14 000 a of nucleus  concentrat ion , active in region

supersa t urat ion 0 . 7 — l o b . This behav ior  in the  atmosphere of t he

different fraction s of cloud condensation nuclei to us is presented

by ex t r eme ly  in teres t ing.

________________ ______-
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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In  spite of the quantitatively different rate of the decrease of

nucleus concentration with height ,, in nine cases of sounding , ma de in

daytime hours in summer 1966, w as recorded the qualitat ive ly

ident ical character of their change.. Simultaneously with the

.easure .ent of nuclei were carried out concentration measu rements of

aerosol pa rticles 20 pm in diameter .

?igur~ 3 show s the  s imul taneous ly measured changes in the height

of the concentration of the cloud nucle i, active with supe rsaturation

S ~ 0.30/0 (curve 1), and part icles of aerosol d z 20 p1 (curve 2).

Prom shape of the curve in this figure , it is evident that the

decrease of the concentr ation both of particles of the aer osol and

clou d nuclei occurs in the atmosphere nct monotonical ly.

Of the rate of the decrease of pa rticle concentration with

he ight above land in summer in daytime hours dist inctly

separate/liberated three layers.. In lover layer, to 1.5 ha , wh ich

occurs powerful convective mixing, par ticle concentrations slowly

decrease wit h height. In the second layer , from 1.5 to 3 ha , the

in tensity of vertical turbulent mixing is small and , fur thermore , in

t this layer are dev eloped the cloud s, whic h lead to the washout of
L a

— 
-. ~~~~~~~ 

-

. - 

‘
~~ ~~~~~~~~~~~ 

- 

~~~~~~~ 
— 

_________________________________________________________



DOC = 77115601 PAGE ~~~~~

cloud condensat ion nuclei. Both these reasons contribute to the rapid

decrease of the concentration of particles of the aerosol both of

giant (d ~ 20 pm) and cloud condensation nuclei.

Page 51.

In the third layer , above 3.5 ha , the concentration of cloud nuc lei

it is little affected with height. In this figure is shown the course

of chang e with the height of the concentration of Aitken ’s nuclei

(cur ve 3), of Ye. S. Seleznevoy ’s data (4]. The comparison of the

shape of the curve 1— 2 and of curve 3 in lover la yer shows that the

concentration of Aitken ’s nuclei in this same layer change s with

height considerabl y faster in comparison with the concentrations of

cloud nuclei and g i a n t  aerosol particles.

In work (4) it was shown , that the decrease with the height of

the concentration of Aitken ’s nuclei (N 0 ~ 103—10 ’ cm —3 ) in essence

is explained by the coagulation of particl es. The velocity of

coagulat ion is pro por t ional to the square of conc entra tion; therefore

a coagulat ing decr ease in the concent ration of the cloud nuclei,

active wit h su persaturation 0.30/0 (N ~ 300 cm 3 ) ,  little. After

examining the reas ons, which lead to a change in the concent ra tion of

part icles of the aerosol wi th height , it is possible to be ret urned

to the expla nation of a change in the spectru. of cloud nuclei during

_ _ _ _ _  
- - — ---- —— - - ----—-~
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transition from 190 to 4000 m (Pig. 2). Considerable decrease at

height 4000 a in comparison with an increase at height 200 a of the

concentration of low—activity nuclei, S z 1.60/c (concentration of

these nuclei at height 200 m is equal approximately 1.10’ cm-’),

occurs analogous with decrease with the height of the concentration

of Aitken ’s nuclei in essence because of the coagulation of

particles.

The slowest change with the height of nucleus concentration,

active in region supersaturation 0.7—1.Oo/o, appa rently, is connected

with the fact that with a decrease in the initial concentration

shar ply falls the velocity of the coagulation of such particles, and ,

on the other ha nd, a quantity of such nuclei is increased because of

the coagulat ion of smaller particles; furthermcte, these low—activity

nuclei slowl y are eluated from atmosphere. Ey the lost important

factor, wh ich leads to a sharp decrease in the lost active

condensation nuclei (S ~ 0.3—0.6o/o), is t,heir rapid washo ut from

atmosphere clouds and precipitation..

t .

-—_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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?iq. 3. Cbaaq. is the height of the concentrations of clou d
condensation nuclei, active with  supersaturation S ~ 0.3o/o (1),

t 
_ _ _ __________________ _________________________________ U
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aerosol particles 20 pu in diameter (2) and Aitken’s nuclei (3).

Page 52.

To evaluate the values of the supersaturation, which appear in

cl ouds, were conducted during July — A ugust 1968 measurement of

ccncentration and spectra of nuclei un der clouds and of the

concentration and spectrum of drops in the lover part of the

generating cumulus clouds the method , described in (6 ) .  As an example

are given the measured d u r i n g  the same days spectra according to the

supersaturation of the cloud condensation nuclei, which are contained

in subcloud layer (Pig. 4), and the spectra of the size/dimensions of

drops, which are located in the lower hal f of the cunulus clouds

(Fig. 5), measured in two essentially different regions: in the city

distric of Arkbangelsk , arrange/located on the coast of white sea,

and in the center section of the European territory of the USSR in

the city distric of kiev. Lower boundary of the cumulus clouds ,

measu red in the region of Ark h an gelsk on 11 Ju ly  1968, was

arrange/located on height 200 a.. Power/thickness of clouds from 400

to 700 a. Lower boundary of the cumulus clouds, measured on 18 Jul y

in the region of kiev , was arrange/located on height 900 m .
( / ,,~~d I - ,s  —

~~~~~~~~~~~~~~
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Fig. 4. Spectra of the integral concentrations of condensation nuc lei

of supersaturation in the subcloud layer on 11 July 1968 in the

region of Arkhangelsk (a) and on 18 July 1968 in the region of Kie v

(b).

Page 53.

As already mentioned earlier (6), the concentrations of drops at just

one level in cloud were distributed substantially une venly, the

maximum concentrat ions of drops are observed in the zones, the

tempe rature in which is somewhat higher than in the surroundin g parts

of the cloud at the given height. These zones are interpre ted (3] by

convective jets or upflows in cloud.

The measured spectra of the size/d imensions of drops in streams

and outsid e streams in clouds are shown in Pig. 5. As can be seen

from this figure, the total integra l concentration of drop s whose

diameter is is more than 5 pm in streams 3—4 times higher than the

concentration of the drops, arrange/located in cloud outside streaas~

which viii agree with obtained previously data (6]. From the

comparison of data given in ?ig~. 4 and 5, we find that the maximum

supersaturation, which act in the lover parts of the cloud in the

ascend in g streams, are 1—1.2o/o, and of supersaturation outside

__________ 
- ____________ - 

- 

-
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streams in the clouds, investigated in the region of Arkhangelsk, are

equa l approximatel y 0.10/0, also, in the region of Kiev of

approximately 0.So/o.

The f i n d i n g s  on the  spectra of nuclei and concent ra t ion  of drops

in clouds make  it possible to eva lua te  the values  of the  vert ical

ve locities of a i r f l o w  in the  lower parts  of the clouds.

Af c*v 3
10 9 0 -

a) I)
400 - -

200 - -

100 - -

I ~ ‘ ~ I t I I L I I I I

4 6 8 10 12 16 20 25 4 6 8 10 12 16 20 da,a~

Pig. ~~. Spectra of the ilitegra l coac nt r atiou s at drops of

size/dimensions in cumulus clouds , measured on 11 July 1968 in th•

regios of Arkhangeisk (a) and on 18 July 1968 region of K iev (b). 1 —

— _  _ _ _ _ _ _
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in streams , 2 — ou t s ide  streams.

K ey:  (1) . pm.

Page 54.

For the  f i r s t  t ime communica t ion/ connect ion  of t he  co ncent ra t ion

cf drops in clouds with the velocities cf vertica l airflow in cloud

and with the spectra of nuclei of supersaturation was given in the

work of Pvomey (83. N ore  precise rela t icnship/ra t ios  t a k i n g  in to

account the psychroaetric temperature of drop, in itial nuc lear sizes

of condensation and jumps of the elasticity of the water vapors and

temperature near the surface of drop are found in the wor k of

Volkovitskiy and Sedunov. On the compa rison of data given  in work

( 2 ], calculated on formula of Twomey and the formulas of Volkovitskiy

and Sedunov , communication/connection between these formulas can be

writte n in the following form:

Ar 0,14 (1)

wh ere u is the vertical velocity, ex pr essed in I/s.
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Emp ir ically obtained dependence (1) takes the following form:

(1.6

~~ 
NTyMI °. 16U .1 . (2)

Formulas are derived when the spectrum of nuclei on

supersaturation is described by exponential funct ion. As it was shown

above, this requirement over a wide range of supersaturation is not

fulfilled. But with the supersaturation , whic h do not emer ge beyon d

the limits of the initial region of the spectru. of cloud

condensati on nuclei , vertical velocities can be calculated by the

formulas indicated.

Table 1 gives the estimations ot the upvash velocities of air,

obtained on the basis of formulas of Twomey, Volkovitskiy and

Sednnov, als o, from the empirica l obtained formula. The ve locities,

indicated in table in brackets, are determined wit h the

supersatur ation, which emerges beyond the limits of the initial

region of the spectrum. As can be seen from table, the valu e of

vertical velocities, calculated by formulas (1) and (2), they turned

out to be more close between themselves as compared with the

velocities, calculated by formula of Twomey. The velocities in

streams , found b y fo rmula  of Tvom ey, exceed the velocities,

determined in for.ulas (1) and (2) , 4—6 times.

-
I.— ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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~~~~~
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Table 1. ipw as k velocities (cm/s.), July ‘1968.

(I) (~
) flo 4opMy~s

‘I.,cia w p.ØUN S uy~e.wi u4..s.U
TyMH (1) (2)

(~)
I I  [1 CTPyII X (360) (60) (57)

.~ p~ . rCibc i( BHe crpyi~ (7) tO 5 13

Ill cTpy~ix -‘ 680 160 110
(Y) Ki.ea SHe cTpylI (.1’ ~t0 40 40

Key: (1). Number and region. (2). In cumulus clouds. (3). By formula.

(4). per Twomey. (5). In streams. (6). Arkhangelsk. (7). Outside

streams. (8) . Kiev.

Page 55.

The absolute values of the vertical velocities in clouds in

st reams (0.5—1.2 •/s), calculated in formulas (1)  and (2) , will  ag ree

with (3, 7] of the magnitude esti.ates at the vertical upv ash

velocities in the lover parts of the cueuaus clouds. In clouds

outside the streams of the velocity of vertical motions it is

considerably less ($—15 times) the iapwash velocities in streams.
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Page 77.

P R O P E R T I E S  OF ACTIVE CONDENSATION NUCLEI.

E. ~esza ros , A. Mes zaros

Main aerolog ical observatory Budapest , Hungarian People’s Republic.

One of the most effective methods cf n u m b e r  de t e rmina t ion  of

active cloud nuclei  is the de t e rmina t ion  of the concent ra t ion  of

cloud drop s in the lower layer of the recently formed clouds. In this

case wit h large probability it is assumed tha t the  e f f ec t  of the

coagulation of drops can be disregarded. For th i s  reason wer e carried

out .icrostructural measurements in the lower layer of the recently

formed summe r cumulus clouds above Hungar y (3].

Simultaneo usl y was determined the concentration of large and

giant aerosol particles with the aid of aircraft with the utilization

of plates and membrane filters. Independent of these measu rements the

ph ysical an d chemical proper ties of atmos pheric aerosol wer e studied

also at one mining station ( Kekes, 1014 m), approximately under

lover boundary of cumulus clouds. It should be noted that the

_ 
- 

-
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membrane filters were held with low relative humidity before

preparation for a microscopic analysis ; thus, from accidentally the

grasped drops of solution on filter remained the only “dry ” soluble

particles. Concentration measure ment of large and giant partic les is

necessary in order according to these data to estimate the role of

these pat~~icles in the process of condensation. The necessary

(however insufficient) yield condition of active condensation nuclei

from this region of size/dimensions is that that the concentration of

these part icles minimall y would be equa l to the concentration of

cloud drop s.

In summer 1967 were made five aircraft measurements in midda y

(3). Dur ing these measureme nts it waE aEsembled 33 sample/tests of

cloud drops and was determined also the concentration of large and

giant . aerosol particles. The obtained results are given in Table 1.

For a compa rison is indicated also the mean concentration of aerosol,

measured at the mentioned mining staticn..

——— .-~~~~~~~
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Table 1. Concentration of cloud drops, and also of large and giant

atmospheric particles.

(i)  K ONI*IST P.ILMU 15p030115 (r > 0,15 M.CM ) .
Ko.IteNTpIuS. CM..”

Ken eAb ,
(1~) c.Mna,T I(~

)ropn
~ 

CT$ HUHI

1770 340 77

Key: (1). Concentration of drops, cm ’ 3 . (2). Concentration of

ae rosols (r >, 0.15 ~.iM) 
, of ca —3 . (3 ) .  a i r c r a f t .  (4) . min in g station.

Page 78.

According to data of table it is easy to ascertain that the

concentration of cloud drops considerably exceeds the concentration

of large and giant particles. Comparatively high concentration of

cloud drops is explained themes that the sample/tests collected in

cumulus clouds immediately after their formation and directly above

their lower boundary. Similar results obtained Juan mel—yuan in the

usSR ( 1 ] .  In conn ec tion wi th data given in table, it should be noted

that comparatively small partic le concentrations at mining station

are caused themes that they were measured not only in cloud weather ,
t but a lso in cases when cloud formations did not occur, i.e., up f low s

I 
_  
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they were absent.

Data Table 1 c l ea r ly  show that the concentration of large and

giant aerosol particles amounts on the average to only 200/o of total

number of cloud drops. This fact obvious it derives that the certain

fraction of &itken ’s par ticles plays  the considera ble role in the

process of cloud formation.

It is well known that the soluble (or mixed) particles are •uch

more active nuclei , than insoluble. Consequently, if such par t ic les

are encoun tered in the region of Aitke n ’s Far ticles in a sufficien t
quantity, then, obviously, they serve as cicud nuclei. However, da ta,

relating to the chemical composition of Lithen ’s particles, in the

literature are not for that reason, that the researchers

(specifically, Young (4]) studied first of all large and giant

particles. It was assumed that the predominant part of the sass of

solutes is located in this region of size/dimensions.

For experimen tal r esearch on th is pro~lea were fulfil led the

measurements with the aid of the four— stage impactor, equi pped with

supplementary convenient filter.  Impactor seized large and giant

par ticles in four step/stages, while f i lter accumula ted Ai tken ’s

pa rticles (5 , 6]. Af te r  the collection of sam p le/tests, which  was

being continued several days, the sample/test. at separate
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step/stages were subjected to chemical analysis. Table 2 g ives the

given data of the ion concentrations (~ g/m
3) of different

size/dimensions, obtained during summer periods of 1967—1968. From

table it is evident that the giant particles contain relatively a

little sol utes. On the other hand, the majority of solutes is

encountere d in the region of Aitken ’s par ticles, where predominate

sulfate ions of ammonium .

The measurements pointed out above were made near the surface of

the Ear th (main aerolo g ical observa tory,  Budapest, 139 a) ; however ,

data on a change in the chemical composition of aerosol to the height

of th e forma t ion of cl ouds are not. Therefore were produced the

measurements by summer 1968 for the comparison of concentration and

distribution of sulfate ions at mining station and in observatory. It

is assumed that the findings are characteristic for vertical

distribution, since the investigations showed (7] that into flight

half—year horizontal changes of sulfate concentration in Hungary were

neglig ible. Table 3 gives the obtained results for sulfate as the

most important ion.

Page 79.

In the last/latter row of this table is given general concentration

in ig/. 3, and other data show its percent age according to sizes.

I 
_ _ _ _ _  

_ _ _ _  _ _ _ _  
L
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From the anaLysi s of the given data first of all it becomes

obvious, that the lapse of common/general/total concentration in the

lover 1000— metric layer of atmosphere is very insignifica nt. This

fact will agree well with the results of aircraft measurements

Georgiy and its coworkers [8].

However, are expressed some differences in according to the

sizes of the sulfate particles between two stations: a relative

quantity of large and giant particles at mining station more than b

of observatory. Tak ing into account the h ygroscopicity of particles,

and also the condition that the average relative humidity was equa l

dur ing  measurements  71o/o in observatory even 830/0 ~~fl Kekes , these

differences are explained well. For the substantiat ion of the

aforesaid it se rve s as Fig. 1, whic h shows av era ge

communicat ion/connection of a relative quantity of sulfate in the

region of Aitken ’s particles with relative humidity. The curve of the

f igure was con d ucted in accor dance wi th the measuremen ts, carrie d ou t

in aerological observatory. From the figure one can see that from the

value of the rela tive humi dity, equal approximately 75o/o, a relative

quan tity of sulfa te in the region of Ait ken’s par ticles decrea ses

f i rst ra pi d ly,  and them is slower.
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Table 2. Different ion concentration (pg/ a3) in the different regions

of particl e sizes.

I i )  (.2)
SO~~ NNt NO~~ C1 CI” + Cv...

rNra.~cIu.e 0,6 0,2 0.3 0.3 0,2 2 , 6
2,2 1 .6 0,5 0.4 0.2 4.9

A~meHa(~ 
) 3,0 1 ,8 0,3 0,2 0,4 5 .7

Cywwa~~ 5, 8 3.6 1 , 1 0 .9 O .K 32 ,2

Key: ( 1) .  I luclei .  (2) . Total. (3) . Giant.  (4) .. Large. (5). Ait ken.

Table 3. Weight c3ncentration and according to the sizes of sulfate

pa rt ic les at two d i f f e r e n t heights above sea level.

sap. ~~~~~~~~~~~~~~ r~
tk.w t1014 s).

r.ra.c . . . 12 14
5oA~~~as ~~ . . 34 47

- , 54 39
Cy~ t~a (wK r/ M ’) 4 ,5 3 ,8

Key: (1). I~uclei . (2). Observatory (132 a ) .  0/0. (3). Kekes (1014 a),

0/0. (4). Gi ant. (5). large. (6). Aitke u. (7). Sum (~g/m ’).

‘fr _  _ _  

____
“

~~~~~~
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Page 80.

Hence it follow s that hygrosco pic particles “grew ” from this region

of size/dimensions. From an abrupt/steep decrease in the cur ve with

relative humidity 800/0 it is evident that the phase trans ition of

sulfate particles occurs at this value of humidity, and also, as in
observator y with relative humidity 830/0 in the region of Aitken’s

particles also is located appcozimately 39o/o of sulfate. After

relating this value to 71o/o of relative humidity (with wh ich

particles are loca ted, probably in “dry ” state), we will obtain the

same distr ibution in Kekes as and in observatory.

From foregoin g it is possible to establish that the

concentration of sulfate particles (at the heights of the formation

of clouds) will agree actually with the value s, obtained in the

surface li yer of air without considering changes of relative

humidity. Hence it follows that the active con densa t ion nuclei are

sulfa te par ticles (pro ba bly su l fa tes of am.ouium ) , which are f o u n d in

dry stat e in the regio n of A itke n ’s par ticles.

On the basis of the results of the investigations, presented

above, were solved the thermodynamic problems of the condensation

-
‘ 

‘~~~~~ L.—~~~~~~ 
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water pair on soluble and mixed nuclei (9]. Was derived formula for

determining the dependence between the radius of the drop of solution

and supersaturation , and is also develope d equation for the
T)

calculation of free energy of nucleation. ,iu r i n g the remova l  of
A

formulas it was assumed that the nucleus completely is not wetted by

drop (Fig. 2 ) ,  i.e., the angle of wetting 0 is mor e than zero. From

the brough t out eguations escape/ensue all other simpler cases.

I i )
Aumw~N

3 0 -  (50)

20 -

10 -

0 ~ I I I
40 50 60 70 80 80%

Fig. 1. D.p.adesce of a relative qsaa tity of salfate ii the r.qioa of

Aitke n’s size/dimensions on relative humidity. Nu •erais in brackets

desigaate the number of days of the collectiom of sample/tests.

Key: (1). &itkes/Total, 0/0 .

_ _ _  
____ L.

~~~
p_ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — liii_— — — --- —‘U.--- - -.‘



DOC = 771 15601 PAGE ~1’

(I )
Pccmtlop (L.) it:)

~~~~~~~~~~ )7dlp (V)

(3~ 
vn

NepczCifl dOpUMOe
m.3p o (5)

Pig. 2. The diagrammatic representation of the studied thermod yn amic

Eystem.

Key: (1). Solution (I.). (2). Pairs (V). (3). Insolubl e nucleus (S)

Page 81.

These theoretical studies make it possible to charact er ize the

condensation activity of the nuclei of different types. For this

purpose most approac h in g is the comparison of the critical

supersaturation, w i th wh ich these condensa tion nuclei are

pr omote/activated . For determining critical supersaturation was

ap plied th. following formula:

— -~ - — —~~~~~~~ — —— — __________ ___________________
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P 2a VLV £ i

I ( Tr  ~~~~~~~~~~~~

where P~~/P_ — supersaturation ; 0LV~~~~ 
surface tension between

solution nad vate~ vapor; K — Boltzmann ’a constant; T — the absolute

tempe rature; r — the radius of the drop of the solution ; g~v— the

csmotic coefficient of water in solution; VL— the recurrent value

of the number of water molecules in 1 cm 3 of the solu t ion; X~~—

the concentration of water in the drop of solution. In the case of

the presence of this quantity of determined solute VLXW it is the

complex function of size/dimension of ~ an d surface proper ties 0

insoluble nucleus. Without being occupied here in detail by the

dete rmina t ion of t h i s  complex f u n c t i o n a l dependence , let us examine

the results of the calculations, made in electrcnic computer “Min sk—

22”. Durin g calculations were assu med the values of temperature T =

f l 30  an d the m asses of sul fate of amm oniu m mM =5 . 1O-~ g (radius of

dry nucleus was equal to 1.86. 10—i cm.). Sulfate of amm on i u m  is the

mixe d nucl ei wi th the insol uble par ticles of d i f ferent

size/dimensions and surface properties. Let us note that the

necessary for the calculations physicocbemical Farametets were taken

from corresponding tables ~ 9]. The obtained results are re presented

IT. ~~~
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in Fig. 3. Along the axis of ordinates are plotted/applied critical

supersaturat ion, alon g the axis of abscissas — the critical radii R~.

For a comparison figure gives also curve, that relates to the

insoluble, completely hydrophilic nuclei (Thoinscn ’s formula).

On data, presented in the figure. it is possible to

establish/install following: the mixed nuclei , which contain the

soluble and insolu ble components, are always acre active, than the

soluble nuclei of the same mass (R* C in the figure), with the

exception of the case, with which the angle of the wetting of

insoluble nucleus  is equa l  to 180°. From the figure one can see that

with increase in R* the critical supersaturation rapidly decreases

with datum 0. On the other band , an increase in the angle of wetting

0 decreases the condensation activity of miied nucleus. It should be

noted that to the insoluble nuclei of these size/dimensions and

surface proper ties in the absence of solutes correspond the critical

supersaturation of such large values, which are not encoun tered under

atmospheric conditions (10, 11). Thus, the coagulation of the soluble

an d insolu ble par t icles has large value in the forma tion of clou d

nuclei. The figure shows further that wit h certain value 9* (p recise

value of which it is function #) the completely hydrophi].ic insoluble

nuclei w ill become the mor e active mixe d nuclei, which con tain

insoluble substan:e with the wide angle of wetting.

I

.
~.—— _ _ ‘
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It is known that for d e t e r m i n i n g  concentra t ion and d i s t r i bu t ion

according t o  the  supe r sa tu r a t i on  cf act ive condensat ion nuclei are

applied the d i f f u s i o n  cloud chambers.  Our conclusions, obta ine d f r o m

the  measurements  of the  physical  and chem ical properties of

atmospheric aerosol, must be in accordance wit h the results of the

m easuremen ts, carried out in d i f f u s i o n  cloud chamber.

Similar  inves t iga t ions  in the USSR conducted by Lakt ionov ( 2) .

The completed by it aircraft measurements showed that the

concentrat ion of cloud nuclei in the lower 1.5- layer of atmosphere

per kilome ter changes with height very insignificantly . This fact

will agree well with our results, on which it was obtained equal

almost to zero. On the other hand , Two.ey in the USA on simultaneous

measure.ents w i t h  the  u t i l i z a t i o n  of a d i f f u s i o n  cloud chamber  and

d i f f u s i o n  tube it a r r ived  at t he  conclusion tha t  the  cloud nuc lei are

the wat er-soluble particles, whic h according to their size/dimensions

belong to the region of Aithen ’s particles (12]. Volatilit y of these

particles attests to the fact that their substance consists of

sulfate of ammoni a. or chloride of amsom ium ( 13). From the given data

it is possible to ascertain that our conclusions do not contradict

the results, obtained by other authors with the aid of diffusion

cloud cham bers.

- — ,__I__ ------r -
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(Pr/P..)’

1,010 -

1,002 
0,5 1,0 i~5 2.0 R ‘l0~~cM

Pig. 3. Critical ssp.rsat ur stiom of th. sized particles depending on

the  properties of the  insoluble  nucleus ;  m M— 5 . IO ~’. ? 273°K . 1 —

the  mixed nuclei , 2 - insoluble nuclei.

Page 83. 
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THE TOTAL S P E C TR U M OF P A R T I C L E S  0? N A T U R A L  AEROSOLS AND ES T I M ATE 0?

THE FRACTION OF A C T I V E  C O N D E N S A T I O N  NUCLEI.

B. G. A n d r e y e v .

Far— Eastern state university.

Page 93.

In view of the  ava i l ab le  d i f f i c u l t i e s, caused by the

considerable  w i d t h  of t he  r ange  of s ize/ dimensicns  and concent ra t ions

of n a t u r a l  aerosols ,, u n t i l  now , it is made v e r y  fe w the  meas u r em en ts

of the f u l l/t o t a l/ c omplete spectrum of par t ic le—size  d i s t r i bu t ion.  It

is possible to i nd i ca t e  only  the  wor ks by Jun ge  ( 5 , 6 )  in whic h , on

the  basis of 25 combined  measurements  of part icle sizes by the

impactor and of the spectrum of ions it is givEn the represe ntation

of the full/total/complete spectrum of the distribution of solid

Fa tticles under terrestrial conditions. For a free atmosphere there

are no such data generally.

On the  other hand , the numerous measurements of the sizes of

patt icles and  t he i r  concent ra t ions  in the i n d i v i d u a l  section s of the

..
~— ~,:_~~~~~~~~~~
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overal l  spectrum a l t h o u g h  are of doubtless interest for  the  solution

of the d i f f e r e n t  problems , bonded wi th  aerosols, all the same they

have the  l imi t ed  v a l u e , since o f t en  the region of measuremen t  is not

clearly determined . Furthermor e, the absence of the informatio n about

other regions of t h e  spec t rum can lead to erroneous

conclus ion/ der iva t ions  f r o m  the  o b t a i n e d  resul ts .

For d e t e r m i n i n g  an entire region of part icle  sizes it is

necessar y to u t i l i z e  s i m u l t a n e o u s l y  several method s, since not one of

the existi ng a t  present  i n s t r u m e n t s  does not m a k e  it possible to

measure  t h e  aerosols in this  -broa d band of s ize/dimensions.

The greatest  d i f f i c u l t y  appears d u r i n g  the  inves t iga t ion  of

h ighl y dispersed aerosols with sizes of part icles less tha n 1 pm in

radius.  Di rect m ethods  here t u r n  out to be hard ly  su i table  due to the

incompleteness of the coverage/scope of the region indicated ;

t he re fc re  f o r  research on the size/dimensions of small particles

increas ing ly  more  f r e q u e n t l y  are d r a w n  indirect  methods. One of such

method s, base on ~ oamunicat ion/connect ion be tween  the  electric

characteristics of partic les and their size,dimensions, was ap plied

also in the  present work .  More precise say in g, were used two

modi fications of this method. The idea of the first, proposed by

Junge (63, consists in the conversion of the  spectrum of ions in to

the spectru. of particles, for which  nece z~ ary  to know the  flum ber of

f .-.. ~~~~. ..~ 
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ch arged and  neu t ra l particles, and also their  fu l l/t otal/c om pl ete

concentrat ion in  t h e  g iven  air volume.  These i n f o r m a t i o n  were

obta ined w i t h  the a id  of the  specially re—equipped  Scholtz counter ,

for which  inside t he  c h a m b e r  i n s t r u m e n t  it was introduced radial

deflection terminal whose diameter is 1 mm and whose length is 40 mm

it was created electric stress field 300 V.

I n the  second case was considered as a whole  the  effect  of the

sizes of particles and their concentrations on the electric

characteristics of atmosphere .

Page 94.

According to (4), in lower atmosphere in the absence of clouds and

fog between electric intensity B, concentration N and particle sizes

there is communication/connect ion, which with the utilization of

known  r e la t ionsh ip/ra t ios  between the mobil i t y of cur rent  carriers

and the coefficient of their diffusion can be presented in the final

f o r m :

q.2 
~~ ‘1)r~~ .

Here r — the average  e f fec t ive  radius of particles in sample/t est, q

.1  
_ _ _ _  _ _ _ _ _ _ _ _  L
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- the rate of formation of ion pairs in 1 ca’/s, e — eleme ntary

charge , i — the a i r — e a r t h  cu r r en t , K — the is constant of Boltzmann ,

— the t e m p e r a t u r e  of the medium.

When evaluating particle sizes according tc formula (1) for q

and i are accepted the i r  average values , values E, N and T were

recorded.

Both methods gave the mat ching between themselves results.  Let

us note also tha t  the  average values of t h e  radii of particles

co incide wi t h data , obt a i n ed by A. G. Lakticnov (3] with t he a id  o f

the nephelometer KOL—90 , justifying thereby the accepted by us

method s of the es t ima t ion  of the  size/dimensions of small particle s.

Besides the methods indicated , for determining size/dimensions

and calculating particle concentration were used the metho ds of

f i l t r a t i on  the abusive filters whose effectiveness is virtually eq ual

to IOOo/o for  particles with r >, 0.1 pm. In t h e  second — t h e

one-stage impactor t r ap ,  in which complete ly were caugh t the solid

particles with r >, 1 pm and speci f ic  grav i t y/we igh t  2 g/cm 3.

Record ing pa rticles in both cases conducted under  optical microsco pe.

Thus , the u t i l i zed  in wor k methods supp lemented  each ot her and

were covered the boundaries betwee n the small , large and g iant

I
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part icles of aerosols. The detai led ana lys is  of the condit ions of the

t a k i n g  of the samples of aerosols and e s t i m a t i o n  of error in the

measurements  for  each method  the y made it possible to ob ta in  the

overall spectr um of par t ic le—size  d i s t r ibu t ion .  Figure  1 gives the

averaged from several hundreds of measurements in Central Asia

pict ur e of the  fu l l/ t o t a l/ comple te  spectra of the size/dimensions of

the  na tu ra l aerosols, for  the  f i r s t  t ime obta ined  for a f ree

atmosphere.  For the  f a c i l i t a t i o n  of work  w i t h  cu rve/ g raphs  on the

f igure  are used t h e  coordinates  (d N/d lg r , l g r ) .  In order to

determine  the  n u m b e r  of particles in 1 cia 3 in th is  in terva l of

size/dimensions, i t  is necessary to m u l t i p l y  the average  va lue  of

ordinate  in this i n t e r v a l  for  an absolute d i f fe rence  in t h e

logarithms of the corresponding radii.

Prom Fig. 1 i t  fo l lows  tha t  the  a tiosphet ic  aerosols are

included w i t h i n  the  l i m i t s  of an in terval  of appr oximately  four

or ders of size/dimensions on the  ave rage  fr c m  0.005 to 20 pm . In this

case the ex t r eme  va lues  of the radii  of particles, recorded in

sample/tests, were 0.003 and 45 pm. The range of the concentrations

of na tu ra l aerosol s is wider and includes approximately 7 orde rs of

m a g n i t u d e  N f rom 10~ in 1 cm 3 for particles 0.05—0.1 pm in rad ius to

10 ’’  cm- ’ 3 for g ian t  particles.

The concentrations, in which are encountered the aeroso ls under j
- 
.—- i~
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natura l condition s, are subjected to considerahie variations,

especially in the region of particles of the small size/dimensions.

Page 95.

Greatest a representa t ion according to number  at height 250 a have

particles 0.05 p$ in rad ius , at  he igh t  2000 m th e  m a x i m u m  of

d i s t r ibu tion  is displaced to par t ic les  wi th  r = 0.2 pm , wh ich is

caused , obvious ly ,  by the ac t ion/e f fec t  of the  process of the

coagulat ion of aerosols.

On opposite region of the spectrum , where  predominates  the

sedimentat ion of par t ic les, also are observed ccnsiderable cha nges in

their concentration. So, at height 250 m in an  in terval  of

size/dimensions r = 15—20 pm the number of giant particles on the

average co mp rises 3.10~~ per 1 cm 3 of air , and at height 2000 m — in

al l  5.10 5.

The smallest changes w i th height in the  common/ genera l/total

apectrum of size/dimensions test/undergoes particle concentrat ion

from 0.2 to 0.5 pm in radius, as a result of which these parti cles

are the  most stable component of a tmospheric  aerosol.

• 
_ _ _ _ _ _ _ _ _  
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Fig. 1. Full/total/complete spectra of the sizes of partic les of

n a t u r a l  ae rosols according to observations in f ree—air  conditions. 1)

250 ., 2) 500 a , 3) 1000 a, 4) 2000 •.

Key: (1 ) .  a.

Page 96.

Dur ing  the  s t u d y  of the curves of particle—s ize distr ibut ion

logically arises t h e  question concerning the i r  approx ima t ion  by one
• funct ion or the  ot her. In v iew of the considerable

osc i l la t ion/v ibra t ions of particle concentrat ion virtually there is

no relationship/ratios, which s a t i s f ac to r i l y  described the cha racter

cf en t i r e  spectrum . At the  same t ime its separate sections wit h

suf f ic ien t  accuracy can be represented anal yt ical ly .  A u t h o r  ( 1 ]  was

fo und that  for h igh ly  dispersed aerosols in a s u f f i c i e n t l y  large

interval  of size/dimensions (0.02— 1 pm) let us use normal logar i thmic

la w. The f u r t h e r  analy sis  shoved tha t  virtually for an ent ire region

high ly—dispe r sed aerosols ( f rom 0 .003 to 1 ~m) the av erage

partic le—size dist r ibution wit h error , not exceeding 120/0, can be

approximated by the  s impler  gamma funct ion of the form

f fr) —.~Are ’. (2)

~~~~~~~~
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The pr esen ted in Fig. 2 rectified diagrams of density of

distribution according to the size/dimensicns of aerosol particles

testify to the feasibility of formula (2) , just as the different

slope/i ncli n at ion of curves it confirms previously expressed thought

about the considerable strain of the spectrum at heights, which one

can see well in Fig. 1.

Parameter A it is easy to find frcm the condition of

standard ization. By standardizing (2) to unity, we will obtain A =

~~~~. In tu r n , t h e  pa rame te r  ~ is bonded with arithmetic mean radius by

relation ship/ratio ~ = 2/r1, that it is not diffic u lt to show from

the determination arithmetic mean radius:

~r f ( r ~dr A~~r2e ’dr 
2,•

I -~~~ — = — -= - (3)
~/(r)Jr re~~’dr

_ 
(

.
3—.- ~‘ 

.
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Pig. 2. Diagrams of the densit y of distribution of aerosol particles

according to size/dimensions at d i f f e r e n t  heights .  1) 250 m, 2) 500

a, 3) 750 a , 4) 1000 a , 5) 2000 a.

Key: ( 1 ) .  p1.

Pa ge 97.

The integral distribution function for density (2) takes the

form

I

I
I
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Fb (r)r cf (r)dr=A (3-_ -~-e ’_ _
~
_ e
~~’). (4)

According to the sizes of the aerosol particles, measured

directly under microscope, on the avera ge is described b y the power

law

dN
(5)

Moreover exponent  x is s u f f i c i e n t l y  close to the value , proposed

Young and equal to 3. However , d u r i n g  more ca re fu l  analys is  it is

explained , wh ich ~ has different values for large and giant

particles. Of the surface of earth in the average

conclusion/derivations x1~~3,6 for particles with r < 1 p1, and

for particles with r > 1 a. x2==2,0. Yal iaes Xi in separate

sample/tests va ried from 2.0 to 5.0, and x2— from 1.5 to 3.7.

Characteristic fracture in distribut ion curves was observed in the

region of size/dimensions from 0.5 to 1 ia.

The values of the parameter x do not remain  constants, also ,

— ~~~~~~~~~
— — —— ~~ . 

~~~~~~~~~~~ -; - - - ~-
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w i t h  h eigh t , which  is evident  in Fig .  1 and more visually in Table 1.

Fr om table  it fo l lows  tha t the  spec t rum of large pa r t i c le s wi th

he ight v i r t u a l l y  is  not  changed , i.e., t a k i n g  int o account e rrors  of

measuremeat th . sizes of particles and the ir  concent ra t ion s the

parameter x~~ consl, although is planned certain tendency toward its

increase. At the s a m e t i m e  of change with the height of values x~
are are more essential, what , obviously, is the consequence of

subsiden ce of giant particles in gravitationa l field. In Fig. 1 this

was reflected in a difference in the slope/inclination of

distribution curve.

The knowledge of the  fu l l/ to ta l/ comple te  spectrum of the size s

of particles of the natural aerosols makes it possible to evaluate

the port ion/fraction of particles, which can become ac tive

condensation nuclei under atiospheric conditions. In order tha t the

particles with r C 0.1 pa would act as continucus condensa tion

nuclei , they  are requ i red , as is known , the rarely being encou ntered

under n a t u r a l  condi t ions  considerable supersaturation.
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Table 1. Values of the parameter c in the spectra of large  and

giga nt ic particles at heights.

~, ~3ucO-r a , N

0 3,6 2 .0 1 3 9  2 .9
100 3,7 2 ,5 I 1000 4 ,0 3 , 4
250 3 ,9 2.6 2000 4 ,0 3 .6

Key: (1). Height, a.

Page 98.

Moreover these particles must consist of the substance, read i ly

soluble in water.  consequently, in the overall ma ss of particle with

r C 0.1 am cannot be active condensation nuclei. Their content in the

atmosphere al thou g h is grea t, is subjected to considerable changes.
and that decrease in the concentration of aerosols, which usua l ly  is

obse r ved d u r i n g  the  measu remen t s  in clouds by the counters of Aitken

and Scho lt z is explained , obviously, themes by the fact t h a t  these

ins t ruments  catch the  su f f i c i en t ly considerable por t ion/ f rac t ion  of

par t icles, which have size/dimensions more than  0.1 am .

-i
On the other hand , with the appropriate supersaturation all

particles with r ) 2 am , which possess the hydrophilic surface, act

4

~p—- TiiII .~~~~~~_ _ _ _ _
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as con t inu ous condensa t ion  nuclei.  Howeve r , the  concentrat ion of

these particles in the atmosphere  is ex t r e m e l y  low. Even abo ve the

regi ons , subjected to intense n a t u r a l  becom ing dus ty ,  t he su ch

include , for  e x a m p l e , Cen t ra l  Asia , the  concen t r a t i on  of aerosols

w i t h  r > 2 p1 a t  h e ig h t s  250— 500 a it comprises less t h a n  1 particle

in 1 cm 3 of a ir , a n d  at height  1000 a — about 0.1 ca-3, while the

ca lcula t ing  c o n c e n t r a t i o n  of drops by d i f f er e n t  clou d form s us ual ly

exceeds 100 ca 3.

Thus, for particles, which can play the role of active

condensat ion  nuclei  under  a tmospher ic  condi t ions, rem ains  the region

of s ize/dimensions 0.1 < r < 2 pm.. These par t ic les are mos t stable in

the atmosphere  and are observed in the concentrations, com mensurable

with the concentrations of cloud drops. Measurements in the

atmosphere of Central Asia show that the common/general/total content

of particles in t h i s  range  of s ize/dimensions op the  average

comprises: at height 250 m of the order of 1500 particles in 1 cm 3 of

air, at he ight 1000 a 900 and at height 2000 a it is more than 400.

It is understandable that not all these partic les under atmospheric

conditions can become real condensation nuclei; for this it is

necessary that they be partially or co m pletely water—soluble .  At the

same time ma de by us chemical anal yses (2J make it possible to

conclude that the portion/fraction of solutes in them is sufficiently

grea t and on the average in mass exceeds 20o/o. In essence these are

- .~~~~~ 
— 
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compounds NaCI, M~ Cl2, MgSO ,, CaSO, and (NH ,)2SC,; in larger

pa rticles is encounte red  also CaCO 3. Let us no t e  that  in gia nt

çarticles this compound predominates.

The s u p p l e m en t a r y  proofs of t he  fact  that active condensation

nuclei  in t h e  a tn o s p h e r €  are  the  part icles cf the region of

size/dimensi ons indicated , were obtained from the following

considerat ions. In  C e n t r a l  Asia h igh  f r e q u e n c y  the y have  suc h

atmospheric phenomena as mist and haze. Haze  is the  t o t a l i t y  of the

suspended in t h e  a tmos p here solid aerosols w i t h  ve ry  low air

~uaidity . Critical for mist are the smallest droplets of water. Since

meteorol og ical mist u s u a l l y  is observed with relati ve air humidity

above 50, but is below 1000/0, lfl condensat ion  processes m u s t

pa rticipate the particles, soluble or hygroscopic. The particles,

wh ich do not possess these propert ies, f orm the  passi ve

impurity /admixture , analogous  by that, that is cbserved with haze.

Page 99.

Active condensation nuclei, absorbing water pairs from atmosphere,

are increased in size/dimensions, after which by the Scholtz counter

are not ca ught. Consequentl y, the general concentration of Nt r e e M

part icles in the atmosphere with haze must be higher than in mist.

This indica te  the  resul ts  of the  sys temat i c  measur emen ts of aerosols

___________________— — — - -——
~~
,
~~~~~
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by t he  Schol ” z coun te r  realized in Centra l Asia in period with 196 1

on 1965. The c o n c e n t r a t i o n  d i f f e r ence  in t h i s  case is the  approximat e

estimation of the portion/fraction of the active condensation nuclei,

which  a re  pr esent in t he  atmosphere.  Eva lua t ed  thu s  on d i f f e ren t

he ights  the  concen t ra t ion  of act ive condensa t ion  nuclei changed from

830 particles in 1 cm 3 at he igh t  250 a to 115 at  height  20 00 a .  In

t h i s  case in the calculations were utilized only observations within

m o r n i n g  periods in order to exc lude  the poss ib i l i ty  of the n o n u n i f o r m

effect of convection.

Comp ari son wi th  t he  spectrum of sizes of particles, measured by

the Scholt z counter, it showed that the estimated values of the

concentrations of active condensation nuclei amazingly will agree

veU with the independently obtaine d valu.. of particle

concentrations with r > O.2 j.am. Here the upper limit of

particle dimensions was l.5~~m . As can be seen from Table 2,

disagreement do not exceed 35%~.

Thea, the ran ge of the sizes of part icles of the na tura l

aerosols, which under the atmospheric conditions, close to satur ation

sta te, can become the stable nuclei of drops, is estimated at the

range of radius from 0.2 to 1.5 pm. Under favorable conditions this

ra nge some what is expanded.  Ho wever , on t h e  basis of the ove rall

spectrum of the sizes of particles of the deviation to one side or

the other they cannot be considerable.

- —  —~~~~~~~~~ — — — — — — — - - . -
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Table 2.  E s t i ma t e d  concentrations of active condensation
nucl ei ( cm 3) .

(i) ~~
PSluuIcTb, NCAO ‘4~CTI~ ~aO~ eMI ~i.N *WNU C f >0,2 

~~~~

250 830 3030 24
500 590 540 8
750 420 340 19

1000 170 230 35
1500 135 150 11 -2000 115 105 9

Key : (1). Height, r;~. ( 2 ) .  H a z e — s m o k e  difference. ( 3 ) .
number of particles witn r ~ O .2 j~m. (~4). - 

De v ia t ions , %.
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SOME RE SULTS OP STUDIES 0? THE REAC T ION 0? WATER AEROSOL W ITH

PARTICLES 0? A SOLID REAGENT.

N. G. Vereshchago, Ye. N. Ovcbinnikova , A. V. Stavitskaya, R. N.

Epi.akhova .

Odessa hydrometeorologic institute.

The processes of the inertia and inertia—free capture of the

drops of water aerosol by the collector/receptacles of various for ms

have vital importance in the theoretical examination of natura l

çrocesses in clou~Is and fog.

Eden effects by different reagents on clouds and fog lean not

onl y on con densa tion, but also on the coagulating mechanis m of the

reaction of water aerosol with the particles of hygroscopi c and

hydrophilic reagent.

We carried out the number of experiments in the reaction of

water aerosol with obstructions — collectors of different geometric
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f o r m , na mely :

1. Flat/plane obstructions (model of snow crystals) are disks,

recta ngula r plates, film/strip, six—ray asterisks.

2. Fiberlike obstructions.

3. Grains of the grinding of bentonite.

As the  basis of i nves t iga t ion  was placed the  de te rmina t ion of

the  coefficient  of the capture of the cbsttucticns, introd uced into

the flow of the coarsely dispersed water aerosol (diameter of drops

~—28 pm ) of the assigned liquid— water content and velocity.

1. The p rec ip i t a t ion  of a water  aerosol on f l a t/p l a n e  obstruct ions.

As the  f ixe r  of t he  drops, deposited to f la t/plane part ic les,

served the plotted on thea layer of gelatin. The deposited d u r i n g

obstruction drops leave the replicas, size/dimension and num ber of

wh ich they were determine d under microscope. The coeff icie nt of

capture is calculated as ratio of the mass of the deposited during

obstruc tion aeroso l to the ma ss of the aerosol, wh ich leaks in wit h

4
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f l o w.

The ~evelope~I by us procedure of s t u d y  m ak E s  it possible to

present the  f l o w  of polydisperse aerosol as totality of monodi sperse

flows with the com pletely determined liquid—water content. Procedure

makes it possible to experimentally defin e the coefficients of the

capture both entire obstruction as a whole and any local point during

cbstruction , the so—called local coetficient of capture [1 ].

It should be noted that the measurements were conducted in the

region between the viscous and potential flcw (Re = 50—300), which

was caused by the solution of the problem s of applied charac ter.

Page 309.

In  t h e  reg ion of f lows  indicated the coeff icient  of t he  cap tu re

of the obstruction s of flat/plane forms theoretically cannot  be

calculated in view of the absence of data on velocity field.

A s a resul t of in v estigations [ 2) are obtained the loca l an d

full/t~otal/co.p1et e coefficients of capture for disks (with Reynol ds

numbet 50— 300), for a film/strip and a pla te (Re 120) an d for  a

six—ra y asterisk (Re = 220).

-- _ _ _ _ _ _ _  

_
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Were establish/installed the dependences of the local

coef f ic ien t s  of c ap tu r e  on relative coordinates (RL/R ) fo r  all

forms of flat/plane barrier with Stokes ’ numbers, equal to 0.08—1.3.

Figure 1 shows characteristic curves czL—~f (RL/R) for disks with

Reynolds number Stokes ’ 50—300 and some numbers. It should be noted

that with Stokes’ nu m bers K ~ 0.255 the coefficient of capture

sharpl y grow/rises to the edge of obstruction. With K > 0. 260 , the

difference in a~. in center and at the edge of collector/receptacle

decreases. And finally , with certain K , named us K,,, the coeff icient

cf capture turns out to be constan t durin g all cbstruct ion.

7
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Fig. 1. change in the local coefficient of capture along dis k with

Stokes’ numbers: 0.130 (a); 0.200 (b); 0.400 (c); 0.600 (d). 1) Re

280, 2) Re = 220 , 3) Re = 73.

Page 310.

The analogous character of the dependence of the loca l

coefficients of capture on the coordinate s of local point was

obtained fo r  all b y  us f l a t/ p l a n e  obstruct ions being inves t igated.

It is establish/installed that the value of the maximum numbe r

K0 depends on Re, streamlined obstructica and its form. Figure 2

depicts dependence K 0 = f (Re). With an increase ReK0 it dec reases.

For the vari3us forms of collector/receptacle K0 it has the

f o l l o w i n g  values:

3
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Re . . ) Re ~~

3ne uuqt~,i 0,320
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) 
1laacnuta~&1 o ,&u —

~1eieea(~J o ,tiao

Zey: ( 1) .  Form. (2) .  Asterisk.. (3). Disk. (4) . Plate. (5).

Fi lm/strip.

The coef f ic ien t  of the cap ture  of disks, which corres ponds to

Stokes’ m a x i m u m  n um ber Ic e, is 2.0— 3 .5o,o , star—shape d d isks  — 200/0.

Thu s, obtained by us data about the local coefficients of the

capture of disks, plat es, film/strip and asterisks in the

i n t e rmed ia t e  region of f low shoved tha t  the  precipitat ion of mater

aerosol for flat/plane obstructions can be divided in~~ two types:

I type of precipitation — the local coefficient of ca pture

depends on the coordinates of local point and depends substant ially

on for. (Pig. 3a);
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II type of precipitation is a local coefficient of captur e for

Stokes’ numbers, the equal or large K 0, is constant  d u r i n g  all

obstruction and the dependence on for m is unessential (Fig. 3b).

The constancy of the  coefficient  of c a p t u r e  by obstruct ions we

consider as proof of t he  fact tha t  the  dis tor t ion of f low as a result

of the flow about the obstructions does not change the concentration

of the flying with particle flux of the water aerosol. In this sense

Stokes ’ aax i aua  n u m b e r  in the  in te rmedia te  number  domain of Re ynolds

we identify with Stokes ’ critica l number for a potential flow

(obtained by the theoretical calculations).

- 

, - 
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Fig. 2. Dependenc. K~, local on Reynolds qumber (disk).

Page 311.

The dependence of the coefficient of capture on t he  coord inates

of local point for the f i r s t  type  of p recipitation, possibly,

indicates an increase in the concentration of smaller part icles of

the edge of the st reamlined obstruction during the distortion of

fl ow , and also to the fact that we here observe the noninert ia

precipitat ion of particles.

- - 
- - — — * - -
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Exper imentally we establish/i nsta l led the  dependences of the

full/total/complete coefficients of capture on the number of Stokes

and Reynolds number. it is establish/installed that the

full/total/complet e coefficient of capture increases with an increase

of the number of Stokes and Reynolds number , it depends on for m (Fig.

Li) . Disk has a coe f f i c i en t  of capture larger than plate and

film/strip.

The ana logous character of curves is obtained for the

full/total/complete coefficients of capture by obstruct ions in the

form of asterisks.

The stud.~es of the precipitat ion of water aerosol for flat/plane

collector/receptacles in the intermediate region of flow showed that

for all studied forms occurs the precipitation of drops with the

number of Stokes, cons iderab ly  smal ler  t h a n  the  critica l numbe r even

for a potential flow.

It was establ ish/installed that the capture of

collector/receptacle—asterisks considerably exceeds the ca pture of

the flat/plane obstructions of other forms.

Figure 5 shows the capture of asterisks and disks wit h S~=S.

and R.1~=R~ other conditions being equal.

- 
S - - -



DOC = 771 15602 PAGE

—0a,,.— 0
4

:: 72 
~: ~~~~~~~~~~1~ oRilft

0.6 -  
a)

I t2 0.4 0.6 0.8 1.OR1J1

Fig. 3. Characteristic curved changes in the  local coeff icients  of

captare alon g th. obstructions of various for .s. a) I type of

precipitation, b) II type of precipitat ion ; I — for a film/strip, 2 —

pla te, 3 — disk.
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Page 312.

0 I

Pig. *. Dependence of the full/total/coiplet. coefficients of capture

on the number of Stokes and form of collector/receptacle, a)

dependence e I (It ) for disks with Reynolds number : 1) 280, 2) 220.

3) 120, 4) 73; b) dependence a = f 1k) with Re = 120 for d isk (1), -;

plates (2) and film/strips (3).

_ _ _  _ _ _ _  _ _ _ _ _ _ _ _  1.
., 
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~ 19 14 là 22 dn.vq

rig. S. capture of ast erisks and disks. I - for a disk with ~~~~~~~~ 2

— for the disk of identical area, sn-;; 3 — for an aster isk.

Key: (1). pm.

Page 313.

Under our conditions star—shaped obstructicos assure the capt ure

of the sma llest dr ops, namely: asterisk is drops 8 pm (dia meter) ,

4

_______________ 
— — 

~~~~~~~~~~
0~~~~~~ 
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disk from R~=R~— drop 16 p5 , disk from S~ -=S~,--- drop 12 pm.

One of the  essential  e f f i c i e n c y  factors  is a small mass of

collector/receptacle relative to the mass of the assembled on it

liquid. Consequently, interesting is the investigation of the

collector/receptacles of various forms, whic h possess large specific

surface area.

One of the sets of experiments is related to research on the

reaction of fine/thin disk—shaped films with the flow of water

aerosol. Films by radius 0.25.10 2, 0.37.10 Z, 0.50.10- 2, O.65.10~~ m

with thick ness from 1 to 30 pa more were prepared from Black Sea

agaroid and possessed hydrop hilic behavior and  hygroscopic ity. The y

were suspended on three fine/thin ca prone filaments in the vertica l

current of water aeros~ 1. and were maintained by flow in suspended

state so tha t filaments would not be stretched. Wit h an increase in

the m ass of fi lm wa s increased the speed of the main ta ined  f lo w , in

va lue of which it was possible to judge the mass of film wit h

moisture.

In the initial stage of an increasq in the f i lms occurs the

bloating their , and then accumulation of the being precipitated out

water on surface. 0

-~~~~ 0

~~IL
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Fig. 6. Dependenc, of the size/dimens ioma of the drops, obtained on
the being displaced films, on the thic kness of fi lms for  their
following size/dimensions: 0.25.10—a a (1) ; 0.37.10-2 m (2)
0.50.10—1 • (3); 0.65.10—? m (4).

K~ : C’) . M~ i .
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Page 3111.

With thickness more than 25 pm of film they  are no t str a i n ed and are

not displaced, but if t he  th ickness  of f i lm s  less than 9 pa , is

observed the  t u r n i n g  of f i l m s  and  the f o r m a t i o n  of drops. In t he

intermed iate region of thicknesses is observed the incomplete turning

of films.

Upon reaching of certain mass of the untwisted films occurs the

dropping of drops from the m , a f t e r  wh ich  t h e  proc ess of t h e

precipitat ion of wa te r  aerosol to f i l m s  begins f i rs t .  The dependence

of the size/dimension s of the expendable drops cn the size/dimensions

of f i l m s the is following :

(I)

P.uwvc flAeH~ H - . . - 0,65- I0-~ 0,5.0 - 10- .’ 0,37 - 1O~~ 0,25. 10-2
PJ.UIy C ~~~~~~ 0 ,33. l 0 2  0 ,35 .  1 02  0 .33 - 102 0,27 - IO2

Key: (1). Radius of film. (2). Radius of drop.

It is evident tha t for  the d if fe ren t  radii  of the f i lms , whic h

exceed 0.37.10-a •, the expendable drops in the range of e xperimental

_ _

0~~~~~~~ 
- —L - — _
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0 error are identical and only for the smallest size/dimensi on of film

the expendable drops considerably less. Hygroscopic addition the film

plays the  role onl y in the i n i t i a l  s tage  of an increase in the

untwisted films, subsequently occurs the washout of salt from the

surface of film.

The dependen:e of the size/dimensions of the drops, which are

obtained on the being displaced films, on the thickness of films is

give n in Fig. 6. From the f i g u r e  one can see t h a t  with an increase in

the geometric dimensions of films is increased the size/dimension of

the generating on them drops. With the turning of the f i l m s, which

have hygroscopic sa lts, are formed  the drops whose increase in f u t u r e

occurs accordin g to the laws of an increase in the hygroscopic drops.

In such a manner both the being displaced and untwist ed polymer

films they can be used for formation in the natural aerosol of large

drops. Moreover during the utilization of the being displaced f i lms

the number of drops is equal to the number of films. The untwisted

films in the presence of the corresponding upflows can repeatedly

form lar ge drops.

01

2. Precipitation of aerosol on f ine/this  f i laments .

0 — ~~~~~~~-‘- ‘~~-- , .
.‘0 
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As is k n o w n  f r o m  the  l i t e r a t u r e, the  greatest  coeffic ient of

capt ur e have the obstruct ions, significan t dimension of wh ich is less

than the diameter of the leaking—in drops. So, for cylinders it is

known that the coefficient of captur e a = 1 4 r/R, w her e r is a

radius of drops, B — the radius of c y l ir d er  t 3 ] -

Since with precipitation and merging/coalescence of drops on

cylinder s (filaments) appears the constantly changing in time

configuration from the drops of different value, in consequence of

wh ich is changed the aerodynamic field of the flow about the system ,

it is of interest to study the laws governing the precipit ation of

water aerosol for f i n e/ t h i n  f i l a ments  ( I I , 5]. As a result of

the fact t hat the filaments with incidence/drop through aerosol cloud

can accept d i f f e r e n t  orient ations , necessary to study the laws

governing precipitation , merging/coalescence and runoff of drops from

filaments in different positions, in particular with their horizon tal

and vertical arrangement.

Page 315.

Since to nerging/ :oalescence and r u n o f f  of drops from fila me nt s can

have an effect the chemical nature of their surface, for

_ 
_ _ _ _-- 0
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investigation were taken filaments with hydrophobic and hydrophilic

surfaces.

Investigations were conducted by flow method. Filament on

special holder was inserted into the ficu cf aerosol with the

following parametars: the speed of flow 0.5 rn/s. liquid—water content

1.5 g/m 3 , t h e  diamete r of the leaking—in drops of virtually

sonodisperse aerosol 8 pa. Conducted nicrocinematography of the

process of precipitation with a velocity of 16, 24, 118 fra me/ss. For

investigation were applied the filaments from Plexiglas 1, 3 and

thickness 6 j m. As hydrophobic filaments were applied the filament s

wi thout surface tr eatment , since the Plexiglas is the badly/poorly

hydrophilic material. As hydro philic were applied the same filaments,

but with surface treatment OP—i.

The capture efficiency of filaments was calculated from the

fo rmu la

~mp

wh r• ~m~— the mass of the water, precipitated for the fila m mt

for tie £t, deter m ined on the basis of the experimental data; ztm~—

t the mass of wa ter, leaking in after &t to the mid—section of system

_ _ _ _ _  
- -  

0 
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filament — drop.

30-

a
2~ 2Or4~

0 
1.01141L

20 40 10 80 700 120

rig. 7. Dependenc. of the captare efficiency of filament on time

(thickness of filament 1 pm) (a) and of the relative length of the

free f rom drops sections of filament (b ) .  L is length of f ilam ent in
sequence, xi~~— the total length of the free fro. drops sections of

fila.eit, 1 — pur e/clean f i lamen t, 2 — filament with surface C~- ..

• ~~~~~ L’) S .

~~~~~~~~~~~~-r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Page 316.

The investigations shoved following.

1. The captur e efficiency of filament has the greatest value at

the first torque/momen t of the process of precipitation, then its

value decreases in the course of time (Fig. 7a). So for a fila ment 1

pR thickne ss a = 22.0; for 3 pm a = 8.5, for 6 a n 5.5.

2. The c a p t u r e  ef f i ciency depen ds on the thickness of f i lamen t

in the ini tial sta ge of the process of precipitation, an d then it is

determined by the degree of the filling of filament with drops it

falls with the decrease of the free length of filament (Fig. 7b).

3. During the precipitation of drops for hyd rophobic filament

they virtually do not change their for m, durin g precipitat ion for the

hydrophilic (kydrophilic) filament of dtop they acquire

spindle— shaped form and their merging/coalescence during f i l amen t it
4

is fac i l i t ated, to what contributes, apparently, forma tion between

—
~~~ ——-
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the d rops of water cross connection.

4. The cheai :a]. n a t u r e  of the surface of filament (hy drophobic,

hydrophilic) in effect does not affect the capture efficie ncy of

horizontal filaments.

S. During th~ precipitation of drops from flow for vertical

hydrophilic filaments is observed the intense motion of drops under

the action/effect of the force, their merging/coalescence and runoff

f rom f i l a m e n t , which  con t r ibu te s  to the cleansing of filament from

drops and to an increase of the capture efficiency on the aver age 2

times.

6. The diameter of the drops of those flowing ftoa vertical

hydrophobic filaments, is 100 pm and acre, whereas the d ia meter of

the drops , which flow fro. vertical hydrophilic filaments, on the

order of 70—RO pm.

3. Reactio n of water aerosol with the grains of the grinding of

tenton ite.

Pot research on the reaction of wate r aerosol with the

-
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hydroph i l i c  and hygroscopic  substance, wh ich ccnsists of particles of

the  incorrec t geometr ic  f o r m , was used the grinding of ben tonite of

U k r a i n i a n  deposits.

Of 11 specimen/ samples  of bentonite  of Gorbskoye , K ur t s o v sk o ye ,

Dashukovsk oye and Pyzhevskoye deposits were selected the

specimen/samples, the most active in relaticn adsorption of wa ter

vapors made of air—steam mixture and possessing the maximum electric

particle cha rge.

Adsor ption of water vapors on bentonite was conducted under

dynamic  conditions f r o m  air  f low.  Was determined the curve  of

kinetics and the value  of m a x i m u m  adsorption.

The particle d istribution of the bentonitic powders according to

charges was studied by the method of the deviation of the trajectory

cf th. freely falling/incident monodisperse particles in uniform

electric field. All powders were characterized by the asymmetric

d i s t r i bu t ion  function with the preponderance of the negatively

charged particles.

Vere investigated natural bentonite and the specimen/samples,

which subjected to heat and chemical (acid, alkaline, salt)

treatment.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~T
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Page )17.

It was explained that the optimum adsorptive properties and the

maximum portion/fraction of charged particles with the cha rges of

both signs possesses ku rt s o v sk iy  bentonit e, thoroughly heated at a

temperat ure of 200°C.

The reaction of the bentonitic powder, which has the maximum of

the  par t ic le—size  d i s t r i bu t ion  funct ion 10—15 pm in diamet er, with

condensation fog w a s  s tudied in t h e  cha.ber of fog of GGO ( rr c —

0 main Geoph ys ical O b s e r v a t or y ]  wi th  respect to a change in the optical

trans mission of fog, which was record/written on recorder tape

ZPP—oq. The powder of bentonite (60 g) was sputtered with the aid of

the pulverizing device in the upper part of the chamber during 10

minutes. To two working emperiments was conducted one control. For a

ccmparison with bentonite in the chamber test/underwent the powders

of cement and hydrophobic calcium stearate. The estimation of the

kinetics of scattering fog under the influence by reagents was

reveal/detected by the statistical interpretation of the large number

of experim ents. Each working experiment was compared with adjacent

ccnttol.



0
DOC = 77115602 PAGE ‘

~~~~~~~~?~~~

The seeding of reagent began in all experiment s upon reaching by

t he  fo rmed fog of the cer ta in  degree of t r a n s p a r e n c y , t h r o u g h  5—7

minutes after fog formation. T~.ae of observation for the scattering

curve of fog was 35—40 minutes.

Typical scattering curve of fog during continuou s trace for the

working and control of experiments , transferred to one curve/graph ,

take the for., shown in Pig. Ba.

Jo -Jnp

5 IC 75 t MuIw U)

rig. S. Ty pical scattering curve of fog. a) change in time of the

transparency of fog at its scattering, b) a change in value —

~

--

~~~

-

~

in time during scattering fog; 1 — control experiment, 2 — working

ex periment. Arrow/pointer shoved the beginnin g of the introduction of

reagen t.

ley: (1). sin.

— J-_ _1
~
—0 __ ~~~, _ _.~~~~ _ .~~~0 0~~~~~ _~~~. ••~~~ ~~~~~~~~~~ - —.

-.—----— 
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Page 318.

The e s t ima t ion  of reaction conducted on t h e  processed cur ve ,

expressing the dependence

where ~~ is intensity of luminous flux withou t tog, J np —-- the

intensity of the luminous flux , passed through fog. During this

processing/treatment of the scattering curves of fog the effect of

reagent appeared more clearly (Pig. Rb).

The experiments showed that the effectiveness of kurtsovskiy

bentonite render/showed 2 times •ore than the effect iveness of

cement. The hydrophobic calcium stearate, atomized under diffe rent

condit ions, effect did not give.
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IN TEGRAL E Q U A T I O N  OP T H E  KINET IC THEORY OF THE CO AGULATION OF CLOUD

PARTICLES.

I. N. Yenukashvili.

Tr anscaucasian sc ient i f ic  research hydrcaeteorologic institute.

.4
Investigations in the theor y of transfer of cloud particles to a

considerable degree ar€ bonded with the development of the methods of

the solution to kinetic equations. In this respect, very promising is

the writin g of the kinetic equation of coagulation in the form of

in tegral  equat ion.  In par t icular  this is exhibited during the

solution to the boundary—value problems of the kinetics of

coagulation. This integral equation, including houndary conditions,

in very compact form contains entire physics of the process of the

transfer of cloud particles and can render/show more convenient than

integrodiff equation. Let us note that the integral kinetic equations

successfully are utilized in the theory of transfer of neutrons (1],

in t he aerodynamics of rarefied gases (2. 3).

_ _ _ _  _ _  _ _ _ _ _  

1_
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The transport problem of cloud particles — this the problem of

many particles and during the investigation of the formation of the

spectrum of cloud particles in space and in time must be considered

their absolute motions, mutual collisions and merging/coalescences.

Simultaneously wit h this the value of the distribution functio n of

cloud particles in point with radius—vector r (x, y ,  z) they must be

bonded not only with the values of distribution funct ion in the

points, close toward the end of vector r, but also with values in all

points of cloud , including interfaces.

Let n (V . r, t) be the distribution funct ion of cloud particles

according to volumes v at the moment of time t about point in space

with radius— vector r, so tha t value

dn -=n(v , r. t) dt2 dv (1)

is for the moment of time t the mathematical expectation of the

number of cicud particles, which have radius—vector in the range r, r

+ dr and volume in the range v, v + dv; dQ = dxdy dz — the  elementary

three—dimensional/space volume, which adjoins toward the end of

radius—vec tor r.

Distribution function n (v, r, t) in question makes sense of the

density of the mathematical ezpectation of the number of cloud

particles; however , together with this it simultaneousl y makes sense

— 0~~~ - - - — ~~~~—~~~~~- - — — .- - .
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of the density of distribution of the probability of the detection of

one partic le in the  f o u r — d im e n s i o n a l  vo lume dvdc .

Let us isolate in cloud the small volume element dO and let us

determine in this volume about point with radius—vector r for the

arbitrary moment of tine t, the num ber of clo u d par ticles wi th volume

in the ran ge v, v + dv , i.e., let us determine dvt = a (v , r, t) dQdv.

Page 471.

It is obvious , this number viii be determined by the intensit y

of the emergence (generation) of cloud particles by the volume in the

range v, v • dv in all cloud (including interfaces) at the different

moments of tile, which precede the mome nt of time t in question, and

also by the probability of the admission of the emergent cloud

particles into the volume dO in question without collision with other

cloud particles.

L t  fl (v , r , t, i) be a probability of free motion in the time

interval (r, t) of t h is cloud par ticle, which  at the mom en t of time •,.

is located in poin t with radius—vector r — (t — r) c and at the

mom ent of time t proves to be at the poin t of space with

radius—vector r. Here c — velocity of the notion of the cloud

par ticle, which has volume v, which depends on v, an d also on the
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velocity of the motion of air masses in cloud. The general ization of

the physical derivation of the system of the integral equation s of

the kinetics of the coagulation of cloud particles in the case of the

accelerated mot ion of cloud particles presents no difficul ties (4].

Special exam ina tion re quires the case of t he nc tion of clou d

particles in the t urbulent flow of air masses.

Let us examine certain cloud particle at certain moment of time

t. Let it is locate in point with radius— vector r and has volume v

and velocity c. It is possible to assert that at certain moment of

time r < t it experienced the last/latter collision and that it as

the cloud particle , possessing volume v and veiccity c, was 4born in

poin t with radius- vector r — (t — v) C at the acient of ti le r.

Further, let ~~ (v , r, t) be a function of genera t ion s, so that

value

dn 1 =4 (v , r , t)d2 dvdt (2)

gives the  mathemat ica l expectation of the number  of cloud particles,

wh ich were being born in the volume ele.e~t of space dO about point

with  radius—vector r for a period of tine dt and which hav e volume in j
the range v, v + dv.

Is expressed function a (v, r, t) through the functio n of

— — — ~~.— -— .
- 
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generations and the probability of free motion. At the momen t of time

t > t0 (t0 — the initial moment) the nathematica]. expectation of the

number of cloud partic les with a vo lume  of v , v + dv in the volume

element of space dO is composed of two Fa.rts.

n(v, r, t)dv d2 r dno+dn., , (3)

whe re dn 0 is a mathematical expectation of the nu.ber of cloud

particles with volume in the range v, v • dv , which reached in dO

from the initial state without collisicns; dn 2 is a mathematical

expectation of the number of cloud particles with a volume of v, v +

dv , which appear in cloud in time interva l frcm to to t at the

d i f f e r e n t  m o m e n t s  of t t .e r at the different points of space wit h

radius—vc~ctor r - (t  — ,) c and which vithout ccllisions reach do up

to the mom ent of tile t.

It is obvi ous that

dn0 -= n ID, r — (I — 1~~) c, I~ II (r, t . I , 10)dvd~2. (4)

Page 472.

Then, according to determination (2) • value

gi~v, r—(t - . ~) C , ~Id t-~’dvd-~ (5)

will be equa l to the mathematical expectation of the numbe r of cloud

_1’ap— 
‘ —

.-- — - — 

~

————-- . — -



DCC = 771 15602 PAGE ‘é*’

particles, which  a re  born w i t h i n  vo lume dO about  point wit h

rad ius—vector  r - (t — r) c for  a pericd of t i m e  dr and have a vol ume

in the  r a n g e  v , v + dv . From this quantity of cloud particles to

element of volume dO about point with radius—vector r will reach only

the those, that for duration (1- , t) do not experience collisions.

Therefore, if we express ion  (5) multiply by the probabilit y of free

•otios fl (r, v, r, t) and integrate alcng alternating/variable i from

t0 to t we will obtain the total quantity of cloud particles wL th a

volume of v, v • l v , w h i c h  appear in clou d in t i m e  in te rva l (t 0. t )

and the mo ment of time t enter element of volu.e dO about point with

radius—vector r. Thus ,

— d~2dv
) • 

fv , r ~t — ~)c, 
-
~ 

. II (r. v~ ~~. 
t)d

~~
. (6 )

Special examination reqnires the case, when occurs the emergence

of cloud particles on interface, for exam pl. at the Level of

condensation. For those regions of the clouds, into w h ich can enter

cloud particles, which arose on interface in tine interval (t0, t) ,

in rela tionship/ratio (3) one should writ e the addit iv e term , whic h

considers a quantity of cloud particles with volume in the range v , v

• dv, which appear on interface at the appropriate moment of t ine and

which without collision reach dO about point with radius—vec tor r up

- -
~~~
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to the moment of tim e t. In this case, it goes w itho u t say ing , the

boundary f unction of ~jener ations is  msn u ~ vd to le known.

Subst i~~ut jn i (II) ii~~~ (6)  in (I), we o~ t.In

,,
~v. r. H n~~r . r ~i I ‘ ~‘ l u r  c• I . t

~ ~ ~~~ 
t •ii 

~ 
II r . ~‘. fl.! I T )

For obt a &ain j the c l ’..’i system ot Int .jr .) .~ 4u *t 1 o n s  i t  in

f l .cyg m a ry ‘~~ ci pr . mm be pi ubi k& L i  t y o f  f r c ‘ i.)? in  I t he t i  fl t I (f l

of the q.nar jtin ,~s by ~~i l t t i tt i t~~~~ ) 1~ t~~n u t i o n .

Let ~Q, th e p r o b a b i l i t y  of t~s rs~~os event , c,n mis t ing in

the fact tha t d ring t i m e  in te rv a l  ~ the cloud p a r t i c l ,  in

question ad j acen t  cloud particle . Then we have

r • -c . E • ~1~3(v. m)dat.‘ 3

where

b — _______________________________
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‘IV . ul ~L ~ ~ U ) C I V ) — C (li)l

- b. effect ive volum e of the  collisions of t h e  clou d pa r t i cl e s,

which have vo 1ue~ n v ani u ; E is a coefficiunt of Capture.

i~~~j~~

W i t h  ~m a~ l ~~ the pt ob 4bil ity of tree lotion tot the cloud

‘ ii 1. in ~u.st t en I ~r ing t i m  m t  .~i val ii, wil l be equa l to

P~~.I ~~(,
) — e

Then the p r o b ab il i t y  of the free motion of the cloud particle in

qnestton for a per iod of t u e  T~~EA; w il l  ~~

I

T



DCC = 77115602 PAGE ...â~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

±~~) i ( v . u)du1.
~

ij .

Hence, replacing addition by integration, w e ot tain

11 (V . r. ~ I)  t~~ p - ~(z ’ . u ) n ( u . r — (t — q)c . q)du] dq ~~~.

(8)

The last/latter relationship/ratio gives communication/connect ion

htveen the probability of free •oticn and the distribution function

cf cloud particles .

To the generation of cloud particles wit h a volume of v in the

volume of space dO for tine dt are brought the collisions of cloud

particles with volumes of v—u , u , with this u it can take values from

o to v. Therefore the collision frequency, summ ed up in terms of all
possible values of u, gives in teres t ing  us the mathematica l

ex pectation of the number of generations of cloud particles with a

..
~~~~~ 

- —
~~~

-— — —  — -—-— - — - -—  — -- —

~~~~~~~~~~~
———.—

—
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volume of v , thus

~I) (v , r, i) -.= --~-Sn (v -_ u, r. t )n (u . r, t)a (v—u , u)du . (9)

Expression • (v, U) reflects mechanics and the statistics of the

reaction between the pair of cloud particles.

Equations (7), (8), (9) are the system of the integral

equations, which characterize the kinetics of the coagulation of

cloud particles. The s truc tu re  of these equa t ions  is such , tha t

easi ly it is possible to produce the exception/elimination of

funct ions fl, of and to obtain one integral equation for the

distribution function of cloud particles..

Page 471$.

Substituting (8~j~ -~~) in (7), we hav e

(
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n(v. r. t ) = n lv , r— (1 —~t0)c. i0Jexp _
~~[~~~

(v u)n(u. r— . —

— ( 1  — q)c, ~) d uJ d~} +S exp { _J{S~~(v• u )n (u . r—

— (~ —q)c

— (1- - ~)c. 1~~(v — u. u) du} d ~. (10)

Let us use the operation

d ii
—

to both parts of equa t ion  (7); taking into account the
relat ionship/ratios:

—Ji--kiv . r — ( t — / 0 c, t0~~ r
~=O ,

II(r. v, t)=.A,

u),z(u, r, t)Z/u,

-,
~- r 

-
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we obtain

• 
-

~~~~

- = ~ (v. r, /) — 3 ~ (v , is) ii (is. r, /) dii { 5 T v r — (1 — 
~
) c, 
~ J ~

• X It(r. v. ~
, t)d~+nLv, r — (t — t0)~ , t)~ tI(r. V t.

If, according to (7), expression in curly braces in the last/ latter

relation ship/ratio is replaced through n (v, r, t), and function 93
(v, r, t) — with expression (9), then we will oktain the known

integrod iff equation of the kinetic theor y of the coagulat ion of the
cloud particles

I
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h i,

dii
= —n(v , r, I) ~ (v , u) n (u , r• t)du +

+—~--~~ø (v—u , u)n(v—u , r. t)n(u, r, i)du.

As the numerical m ethods of the approximate solution of the

system of integral equations (7), (8), (9) it is possible to utilize

a met hod successive approximation , an iterative method , and also a

method of torque/moments (5. 6).

Page i$75~

Accepting as zero approximation either the initial distribution or

any analyt ical solution of the simplified problem of the kinetics of

the coagulation of cloud particles, we compute the function of

generation e~ and the  proba L~i l i ty  of free motion fl0. Substituting fe

and fl 
~ 

in equation (7) , we obtain the first approximation of

d istribution func t ion a 1. Further we compute ~~~~~~, n~. n,. The

fo l lowing appro xim ations are constructed analogously.

In conclusion let us note that the proposed above for m of the

notat ion of the physical derivation of the system of the i ntegral j
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•qmatio.s of t h e  kinetics of the  coagulat ion of cloud particl.a can
be sQcc.ssfully used also in the  examinat ion of the kinetics of the
coagulation of dispersed particles and , in par ticular  aero sol
particles.
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